The Gulf of Aqaba is considered as an interesting rift system. Therefore, it is important to understand the crustal features and thickness variation along the Gulf; to be able to evaluate the effect of tectonic activities in shaping the Gulf. The obtained data were used to estimate the reliable empirical relations between the Bouguer anomalies (Δg B ) and crustal thickness (Hc) in the Gulf of Aqaba. This equation was used to calculate the depth reliefs to the Moho boundary. The output map of the Moho relief and the corresponding crustal thickness were constructed for the Gulf of Aqaba. The depth from sea level down to the Moho discontinuity in the Gulf of Aqaba varies between about 37 km in the northern deep and abruptly changes to about 28 km at the southern area, Tiran Strait. Below the central part of the gulf, a Moho depth of about 34 km is obtained. The Red Sea crust is thinner than that of the Dead Sea rift; indicating the presence of a mantel upwelling that is related to the spreading of the sea floor. The asymmetry of crustal thickness between the eastern and western borders of the Gulf of Aqaba could be attributed to simultaneous strike-slip motion. The relative displacement between the two borders is observed clearly through the sea floor and Moho discontinuity. The displacement is nearly equivalent to 0.18˚ (i.e. about 20.4 km) and is assumed to be achieved in about 4.08 to 3.4 million years, according to the estimated rate of the transform motion along the Gulf of Aqaba (Dead Sea transform) that is about 0.5 to 0.6 cm/y.
Introduction
The data of geophysical survey is a fundamental issue for our understanding of Journal of Geoscience and Environment Protection the tectonic hazards. The tectonic activity research will thus be helpful to understand the impact of a single and/or group tectonic processes together as a part of evolution of the earth structure and the change of the crust thickness (Shaked et al., 2002) . The northern Red Sea-Gulf of Aqaba is a very interesting rift system such as the Gulf of California-Imperial Valley. These are the only two places in the world where a mid-oceanic ridge system changes into a transform system and runs into the continent. The overall tectonic systems are similar in shape and dimensions. The difference is in the direction of the horizontal motion; that the Gulf of Aqaba is left lateral while the Salton Trough region is right lateral.
The slip rate is less than 1 cm/yr along the Dead Sea rift; while, it is about 5 cm/yr., along the San Andreas Fault (Ben-Averham 1987; Ben-Averham et al., 2005) . This is reflected in the seismic activity, heat flow and magmatic activity in these regions (Hamouda, 2006; El-Bohoty et al., 2012; Hartman et al., 2014) .
The study covers the area from port of Aqaba at the north to the strait of Tiran at the south in the direction of NNE-SSW with total length of about 180 km. Figure 1 shows the map of the study area. It is narrow in the north (~5 km) and widens to the south (reaches a maximum width of 28 km opposite to Dahab).
The Gulf has a maximum depth of about 1850 m, with the surrounding mountain rising to about 1.5 km. The volume enclosed by the Gulf of Aqaba is approximately 2250 km 3 (Garfunkel et al., 1981; Oswald and Wesnousky, 2002; Ben-Avraham et al., 2005; Hartman et al., 2014) .
Previous studies related to the average movement of the Gulf of Aqaba have Hamouda, 2011; Saleh et al., 2017; Ribot et al., 2018 (Steinitz et al., 1978) , when the en echelon folds were developed in response to the shearing movements along the deep-seated wrench zone oriented in the NNE direction. After folding, the faults were generated on the surface, associated with pull-aparts and block tilting of 20 to 30 degrees. The third stage was during the Pliocene. The second episode of major sinistral-displacements along the Aqaba transform is believed to have occurred in the Early Pliocene or even later (Steckler et al., 1988) . This left-lateral motion was of transtension type resulting in elaboration and manifestation of the pull-apart basins.
This tectonic episode led to regional subsidence, where the Gulf of Aqaba re- where the first deposited Pliocene marine sediments were raised on either side of the Gulf, (e.g. Ras Barqa area), as exhibited by (Bayer et al., 1988) . Figure 2 . Simplified block diagrams showing the structural evolution of the Gulf of Aqaba transform. The interpretation of the Aqaba entrance is after (Bayer et al., 1988 
Collected Data
The Bathymetry and Bouguer anomaly data (in digital form) was obtained and collected from different published sources such as the National Geophysical Data Center (USA). Bouguer anomaly map of our study area (Northern Red Sea and southeastern Mediterranean), at a constant contour interval of 5 mGal, has been re-gridded by the World Gravity Map project team (WGM), from various published maps (Allan & Morelli, 1970; Riad, 1977; Woodside, 1977; EGPC, 1980; Folkman & Assael, 1980; Tealeb & Riad, 1986; Ben-Averaham, 1987; Martinez & Cochran, 1988; Ginzburg et al., 1993; Makris & Wang 1994; Rybakov et al., 1997; Segev et al., 2006) . The Marine gravity data in the northern Red Sea were collected from publications (Martinez & Cochran, 1988) , whereas in Southeastern Mediterranean were taken from publications (Woodside, 1977; Ginzburg et al., 1993; Makris & Wang 1994 ).
All of these maps were digitized each 0.01 km grids. The Surfer program software was used to construct the compiled Bouguer map of the Gulf of Aqaba. The total number of digitized gravity anomaly values was 8815.
Methodology
For regional areas, the Bouguer anomaly is found to be closely related to crustal thickness. The fundamental background of an anomalous gravitational field is determined by the relief of the Moho, which permits the thickness of the crust to be calculated from gravity (Bouguer) anomalies. Much work has been published giving calculations of the crustal thickness in one area or another from gravity anomalies (Pick et al., 1973; Riad et al., 1983; Riad & El-Etr, 1985) . Several empirical formulae representing the relations between the gravity anomalies and crustal structure, deduced from deep seismic recording, were calculated for different areas worldwide. The individual areas were shown to be characterized by different forms and degrees of relationship between the parameters of gravity and crustal thickness.
Much information has been gained concerning the shallow and deep crustal structure of the Gulf of Aqaba starting from 1981 by (Ginzburg et al., 1979; Riad et al., 1983; Ben-Averham, 1987; Ben-Averham & Zoback, 1992) . Three deep seismic refraction profiles were used in calculating the thickness of the crust in the Gulf of Aqaba (after (Ginzburg et al., 1979; Ginzburg et al., 1981) Bouguer values are used for an average grid spacing of (5' × 5'). The correlation between the Bouguer anomaly and the depth to the Moho discontinuity is done in the Gulf of Aqaba, by using the regression analysis (Spiegal, 1972 ) assuming a linear model of the subsurface medium. Gravity anomalies of wavelengths (λ) equal to 2 and 5 kms (i.e. digitized each 2 & 5 km grid spacings, respectively), and the corresponding values of crustal thicknesses along the three deep seismic refraction profiles (Figure 3) , were used for calculating the regression equation, standard deviation (SD) and correlation coefficients (r), by utilizing Statgraph Program. Figure 4 shows the Bouguer anomalies versus the crustal thickness plots.
Accordingly, the empirical relations between the Bouguer anomalies (Δg B ) and the crustal thickness (Hc) in the Gulf of Aqaba area were found to be: 28.6 0.079 Ginzburg et al., 1979; Ginzburg et al., 1981) .
The values of "SD" and "r" show that, Equation (2) 
Bouguer Gravity Map
Examination of the collected Bouguer gravity map ( and then decrease to about −100 mgal. This may indicate a crustal variation or crustal thinning. Accordingly, we can conclude that, the deep structure of the gulf is not connected to the Red Sea. However, the presence of large negative
anomalies cannot be always used as a criterion for crustal separation (Hamouda, 2000; Prutkina & Saleh, 2009 ) and probably may indicate lava flows overlying regions of high density.
Moho Discontinuity & Crustal Thickness
A map representing the Moho relief in the Gulf of Aqaba is shown in (Figure 7) , and ( Figure 8) illustrates the crustal thickness map that was constructed from the corresponding three dimensional configurations. seems that, the Gulf of Aqaba has a transition phase taking place from the points of the structure or crustal thickness of the Red Sea to that of the Dead Sea rift.
The crustal thinning in this area may indicate mantle upwelling, which is probably related to sea floor spreading (Hartman et al., 2014 , El-Khrepy at al., 2016 Bosworth et al., 2017) . Journal of Geoscience and Environment Protection Figure 9 shows the geophysical data (Bathymetry, Bouguer gravity anomalies and depth of Moho discontinuity) along the two profiles (EE`) and (WW`) of the Gulf. The profiles provide a comparative study between various types of geophysical data.
The profile (EE') of the eastern border shows that, the Aragonese deep and Dakar deep are characterized by variation of the depth of Moho discontinuity.
The profile (WW') of the western border shows the variation of the depth of the Moho discontinuity at the Arnona deep and the western side of Elat deep. The study of crustal deformations underneath the Gulf of Aqaba basin can be achieved through the comparison between the same parameters, when measured along the Eastern (EE') and Western (WW') borders of the gulf (Figure 9 ). It is noticed that, the most deformed area is the central part of the Gulf of Aqaba, which lies between latitudes 28.5˚ and 28.9˚, where the trend of deformation extends to the north. The crustal thinning along the Gulf of Aqaba is about 9 km, where it decreases from about 37 km in the northern part of the gulf to about 28 km in its southern portion.
In general, the Moho discontinuity and the seafloor of the eastern profiles appear as mirror to western side ( Figure 9 ). The western side appear as shifted or Figure 9 . Bathymetry, Bouguer anomalies and depth of Moho discontinuity along the two profiles (EE') and (WW'). (Joffe & Garfunkel, 1987) .
The tectonic activity, which affects the Moho discontinuity, has left its imprints on the sea floor of the Gulf of Aqaba. According to (Sibson, 1983) The transform of displacement motion, which is observed along the two borders of the gulf, may be related to the effect of the total displacement of the main Dead Sea transform, which can be observed at the surface along the Dead Sea rift, and may be also the effect of the depths of Moho discontinuity. If this occurs at the central part of the Gulf of Aqaba, we can expect the mantle upwelling, as indicated in the Bouguer anomaly profiles. This upwelling could be associated with tectonic activity, which leads to a widening of the rift zone and to continental splitting.
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Conclusion
The structure of the crustal thickness, which is obtained by gravity, is correlated well with the seismic section values which are reasonable tools to discuss the crustal thickness and tectonic structure of the gulf. The structures of the Gulf of Aqaba, as deduced from the geophysical analysis are relevant to the neotectonics indicating that, the central part of the gulf is highly deformed. This may be related to upwelling of the mantle in this region which leads to increase earthquake activity at this part. The Gulf of Aqaba is affected by the presence of some local features, which reflect their left strike movement behavior. This is spotted on the north-east and center of the Gulf. It can be noticed that, the crust is probably thinner over the deepest part of the gulf and around it, where most of the tectonic activities exist. The depth of the Moho is shallower compared to the other two parts of the gulf. This reflects that the Gulf of Aqaba is characterized by a series of morphotectonic depressions with leaky movement along left lateral transform faults. The shape and relief of the Moho boundary of the Gulf of Aqaba are not uniform or homogeneous. This in homogeneity and asymmetry may be related to the im-pact of the major structure and tectonic activity of the Northern Dead Sea rift and the Southern Red Sea spreading.
The rough asymmetry of the basins along the continental transform faults of the gulf may be related to the impact of horizontal principal stresses effect on weak fault in strong crust. This leads to the orientation of the movement parallel and slightly perpendicular to the main strike slip fault.
These vast negative anomalies on the Gulf of Aqaba might be identified with the development of the oceanic lithosphere from the northern Red Sea to the Gulf of Aqaba. The central part of the ocean floor (the deepest area) of the gulf counts as major tectonically active spot. This can be observed from the records of the earthquakes actions. The variation of the depth of the Moho discontinuity may relate to slight upwelling of the mantel.
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